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An Efficient Method for the Synthesis of 2-Methyl-1-substituted-
phenyl-2-propylamines

Zhu, Lanping Zhao, Shuai Cang, Zhipeng Zhou, Andi Chen, Xin*
(School of Pharmaceutical Engineering & Life Science, Changzhou University, Changzhou 213164)

Abstract 2-Methyl-1-substituted-phenyl-2-propylamines are key intermediates for synthesizing the B, adrenoceptor agonists.
A series of 2-methyl-1-substituted-phenyl-2-propylamines have been synthesized starting from substituted benzyl chlorides.
Isobutyronitrile was alkylated with benzyl chloride, and the resulting 2-methyl-1-aryl-2-butylcynide was hydrolyzed to give
the corresponding acid. Curtius rearrangement of the acid and catalytic hydrolgenation of the resulting Cbz-protected amine
afforded the title compound. The method is simple and safe to operate, the raw materials are readily available and the overall
yields are satisfactory. This method is suitable for the synthesis of 2-methyl-2-(2-methylphenyl)-phenyl-2-propylamine and
various kinds of derivatives.

Keywords 2-methyl-1-substituted-phenyl-2-propylamine; 8, adrenoceptor agonist; Curtius rearrangement; synthesis
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Figure 1 Several biological active compounds which contain 2-methyl-1-substituted-phenyl-2-propylamine subunits
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2009 £, Hoenke “5!%7VFI F 2-F 325 P 47 ) S AL
BEAT Ritter SR8 Rl T 2- F - 1- B R 3R -2- R 2k
B, B2, FACAZ R, TR EREANT,
P R AR R R B A . ATtk T 95 R L RER S
FA LA R SO R, BT AR BRI 2-FF - 1- B R 3 -2- 1
Fi [F) IR R 25 11 N 3EAT Ritter JRBZ. Ak, Ritter
SN PE R T, IRER RIS th v B K. 4k, LTy
R ZWREE, Flin 2- R 2R, %S, Tk
AN Gy 3.

2013 4F, Tyl 2- AL RS A E R, it
Wittig SV« Ritter BT =il KRS, LA 16% ] k7=
HBEM T 2-FHE-1-2-F B EL)-2- k. H, Ritter [
R R A 30%.

2015 4, Ling 25U B 9 EDR, 78 — R A
HMLDAER TS5 57 TIRZE R RIS, B4,
Ll KRR, Curtius BHELL K FRACEE, AT 2-F
Fe-1-Q2-HRR ) -2- NG R B & 2-F -2- T ik B
TCHIED. Z ikt E R, A, R R A
€, T HIRZ R BT B 4 .

R SCHRA RO R BT B K
U7 BRRMA S B 5t HAS 5 K DL K= R AN = i £ R PR
P ST - -BCE R - AR T £ 24
Pyeb AR BB R s, R, S — KA G
LR A AZRA A A ISR . N T AR Bk
B, BATCABRIN 150 2-HF TN ERL, kAR 2-
- JE-1-(2- 5655 56)-2- A % (1a) (Scheme 1).

}CN CN KOH, HO(CH,),OH
c_/ AOR, AOEF)LOR
LDA, THF 170°C, 8 h
2a 3a

-78°C,0.5h 92%
89%
©/><C02H TEA, DPPA, BnOH H
toluene, 80 °C, 20 h ©/><N\Cbz
71%
4a 5a

Hp,10% Pd/C
MeOH, r.t., 12 h

57%

1a

B 1 2- - 1-(2- FH R R 3E)-2- P (1a) ) 5 Fl B 2
Scheme 1 Synthesis of 2-methyl-1-(2-methyl phenyl)-2-propyl-
amine (1a)

1 &R511R

B4, 1 LDA fFE R, 2-HEEFMTE T IEE—
78 C N MM A3 H) 2-FF R 1-(2- F IR AL )-2- T i
(3a), F2F N 89%; ¥k, TEESAMBIMER FIn#AUKE 8
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h, A 2-HJE-1-2- AR IR E)-2- T 1R (4a), /= 1A
92%. Nk, IR 4a (E S AR _KIH(DPPA). =4
Jii UA KRS EE AR R &4 Curtius BEHEM T & L
1% R85 TG 5a. A —IRIE, BRITDE
BT Curtius FEHEFPAMA 2-F F-1-2-FF JE 2K IE)-2- 15
Fe-RERREE, H45M2 "H NMR, C NMR i1 HRMS #fi
WL SR 5 —2, (8 R AR A A AT 2 B 5 1
Cbz fR¥73E, R H bR 2-F 3E-1-(2-F 36 2K 0E)-2- 15
2 (1a), F22H 57%.

TENR G A& 1a FEEAL b, FRAOTRNZ IS Z
WEMEHHAT TIRRGEE 1), TR LN B3 ()
L1 PR R R AR D) R VR L 3 AT (4] R T R AR
TR AT B, AL KRR, %A s 2 mT LA
BE 2R 2-H - 1-BUR IR -2- T B &) 1b~1i,
RPEE21%~46%. IR AL AL BRI ZE 3R I
AL DARLUT R R P2 2 (52%) 13 3] 2- F - 1-28 3 -2- A ik
(1))

R 2-FHE-BURHRIE2-N IR AT 1 105 K

Table 1 Synthesis of 2-methyl-1-substituted-phenyl-2-propyl-
amines 1

CN LDA, THF KOH, HO(CH,),OH
ATNCH 4 | oo A oN o
) -78°C,0.5h 170°C, 8 h
3
CO,H TEA, DPPA, BnOH H
Ar 2 ! . Al ~
/>< toluene, 80 °C, 20 h r/>< cbz
4 5

Ha, 10% Pd/C AF/XNHz
_—
MeOH, r.t., 12 h f

WNHQ \©/><NH2 /©/><NH2

1a, 34% 1b, 25% 1c, 35%
Cl
©/><NH2 C|\©/><NH2 /©/><NH2
Cl
1d, 46% 1e, 41% 1f, 25%
F
F/©/>< ~o
19, 21% 1h, 42% 1i, 33%
1j, 52%
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“Overall yield for the 4 steps of reaction from the corresponding benzyl chlo-
rides and 1-(chloromethyl)- naphthalene, respectively.
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TR 2R R REE T T4 B B 2- FR - - B 2R
Fe 2 PR & ¥)(Scheme 2). 8] & 6 fERIER T,
RS TS R AR R B AE LAY 7, TR 81%;
B UL O AR, RS R R KRR, AR Ak
FRIR 8, F7HN T4%; W2 KA Curtius HHE, DL 88%7*
REFMLEW 9. &5, 9 LallmmibELlk, Lk H bR
FEP10, PR 45%.

CI/\@/\CI >*CN NCX\©/><CN
LDA, THF, -78°C, 1h
6

81% 7
KOH, HOCH,CH,OH
185°C,12 h HO?CX\Q/XCOZ"'
74%

8
TEA, DPPA, BnOH P N
toluene, 90 °C, 24 h  Cbz X\©/>< Cbz
88%
9

H,, 10% Pd/C
MeOH, r.t., 14 h

_— >
45%

10

BR 2 1,1-(1,3-T 5 )X (2- B FE TR -2- 1) 1) & B i 2%

Scheme 2  Synthetic route for 1,1'-(1,3-phenylene)-bis(2-
methyl-propan-2-amine)
2 &g

R T — 2 M {E B2 T A B 2- F - 1-HUAR R -
-G, LERN S IS4 R JE R, &t
W RN, DA (7= 2243 8 7 2- F - 1R R -2- T
W AT A 1a~1i A1 2- B 1- 2532 TR (1), 38 XL
ARATADD 1,1'-(1,3-30 338 - W (2- I HE H -2-10)(10). %A
BT ERRAE TR, R 249, BE S T A BT,
AT MR 7 (T & B A e 5 h st B A B AR
s T (PR A & 4.

3 IEES
3.1 UE5HF

HOR AR, 25N IKA C-MAG HS 7;
NMR Ff Bruker (300 MHz 1 400 MHz) &A% f 3 4R
%E(CDCl;, DMSO-d, 1Ei#455, TMS AW#5); HRMS H
Thermo Orbitrap Elite #ll i€ ; 1 5 H SGW X-4B 2% i
G SE. FEENTH 160~200 HEER G AT S iEeil T
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32 ELWHE
32,1 2-F A-1-BARGE A -2- T (3) 89 &A%

ERAAEP T, W 2WZ(3.97g, 39.2 mmol, 1.1
equiv.) ¥ T VU AR (25 mL)H, BRIRE—78 C, N
IE T34 (15.75 mL, 39.4 mmol, 1.1 equiv.), #F 30 min
Ja, FEHEET, K5 T Q75 g 39.8 mmol, 1.1
equiv.)IZ G AN B R SR, BERE 1 h, PRI 2
FA L 50(35.4 mmol) i ¥ 30 min J5 R 2 =R, 7] e MR
IR (20 mL)H K N, FrifREYIH LR 1580
mL X 3)ZEH, A IEANIAE, AHAEKKAHKGEO mLX2)
AR $h7K (30 mL)Pelk, JoKBRERIN 1. = Mm&
AR ENT AL [(VCA ) @ V(LR L BR)=20 © 11154k
“W 3.

2-FH B 1-Q-H HE 28 F)-2- T 5 (3a): 72 % 89%, &
YA, 'TH NMR (300 MHz, CDCl;) d: 7.30~7.16
(m, 4H), 2.88 (s, 2H), 2.38 (s, 3H), 1.40 (s, 6H); *C NMR
(75 MHz, CDCly) &: 137.56, 134.74, 131.58, 131.33,
127.89, 126.42, 125.57, 42.92, 34.43, 27.38, 20.79; HRMS
(ESI, positive) caled for C;,H;sNNa [M—I—Na]+ 196.1097,
found 196.1094.

2-FJE-1-(3- AL AL )-2- T i (3b): 7= 84%, H
E{A. mp. 40~42 C; '"H NMR (300 MHz, CDCl;) o:
7.25~7.20 (m, 1H), 7.11~7.05 (m, 3H), 2.77 (s, 2H),
2.35 (s, 3H), 1.34 (s, 6H); °C NMR (75 MHz, CDCl5) ¢:
136.92, 134.56, 129.93, 127.20, 127.02, 126.23, 123.80,
45.54,32.42,25.50, 20.38; HRMS (ESI, positive) calcd for
C,H sNNa [M+Na]"™ 196.1097, found 196.1102.

2-FJE-1-(4- IR EL)-2- TS (3e): 723 91%, ot
EUA. "TH NMR (300 MHz, CDCl3) d: 7.15 (s, 4H),
2.77 (s, 2H), 2.34 (s, 3H), 1.33 (s, 6H); *C NMR (100
MHz, CDCl;) 6: 137.50, 133.16, 130.64, 129.61, 125.42,
46.83, 34.11, 27.01, 21.62; HRMS (ESI, positive) calcd for
C1,HsNNa [M+Na]" 196.1097, found 196.1093.

2- PR 1-Q2-F R )-2- T HEBd): =% 87%, H
ik, mp. 32~33 C; 'H NMR (300 MHz, CDCl;) J:
7.50~7.46 (m, 1H), 7.41~7.40 (d, J=1.6 Hz, 1H),
7.30~7.20 (m, 2H), 3.05 (s, 2H), 1.61 (s, 6H); *C NMR
(75 MHz, CDCly) §: 135.03, 133.87, 132.18, 129.87,
128.86, 127.04, 124.78, 42.16, 34.30, 26.58; HRMS (ESI,
positive) caled for C;;H;;CINNa [M+Na]" 216.0550,
found 216.0555.

2-FHE-1-3-SURER)-2- T G & B (3e): 723 96%,
A, mp. 43~44 °‘C; '"H NMR (400 MHz, CDCl;)
8: 7.35~7.25 (m, 4H), 2.85 (s, 2H), 1.43 (s, 6H); "°C
NMR (100 MHz, CDCly) &: 137.58, 134.13, 130.18,

http://sioc-journal.cn/ 1697
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129.67, 12832, 127.58, 124.31, 46.14, 33.34, 26.45;
HRMS (ESI, positive) caled for C;;H;,CINNa [M+Na]"
216.0550, found 216.0556.

2-FHE-1-(4-50R3)-2- TIHE(3D): 7% 74%, FEdH
. mp. 43~44 ‘C; '"H NMR (300 MHz, CDCl;) o:
7.26~7.23 (m, 4H), 2.86 (s, 2H), 1.20 (s, 6H); °C NMR
(75 MHz, CDCly) &: 134.23, 133.47, 131.58, 128.67,
124.53, 46.03, 33.57, 26.52; HRMS (ESI, positive) calcd
for C;;H;,CINNa [M+Na]" 216.0550, found 216.0564.

2-FJE-1-2-F K 3)-2- T 5 (3g): & 76%, Lt
WA, "TH NMR (400 MHz, CDCl3) d: 7.38~7.35 (m,
1H), 7.28~7.25 (m, 1H), 7.15~7.04 (m, 2H), 2.89 (s,
2H), 1.38 (s, 6H); *C NMR (100 MHz, CDCl;) J: 163.62,
132.92, 129.88, 129.85, 125.11, 124.74, 116.05, 39.40,
34.28, 26.86; HRMS (ESI, positive) caled for C;H,FNNa
[M+Na]" 200.0846, found 200.0851.

E] 2-H - 1-(4- AR E)-2- T EGBh): 7% 97%,
T B WA, 'TH NMR (300 MHz, CDCl3) d: 7.26~7.21
(m, 2H), 7.05~7.00 (m, 2H), 2.79 (s, 2H), 1.35 (s, 6H);
BC NMR (75 MHz, CDCls) 6: 163.79, 160.54, 131.68,
131.57, 124.49, 115.36, 115.07, 45.75, 33.52, 33.50, 26.33;
HRMS (ESI, positive) caled for C;;H;,FNNa [M+Na]*
200.0846, found 200.0863.

2- R 1-(4- R B ORI 2- TG 3i): 72 % 87%, M
O E K. m.p. 46~48 “C; 'H NMR (400 MHz, CDCl;) o:
7.20~7.17 (d, J=12.0 Hz, 2H), 6.88~6.86 (d, J/=8.0 Hz,
2H), 3.80 (s, 3H), 2.75 (s, 2H), 1.33 (s, 6H); *C NMR
(100 MHz, CDCly) d: 158.82, 131.15, 127.71, 124.82,
113.69, 55.17, 45.78, 33.62, 26.31; HRMS (ESI, positive)
caled for C;;H;sNONa [M—i—Na]+ 212.1046, found
212.1051.

R3] 2-FH-1-Z53-2- T HE3)): 7% 97%, HE[FE
. mp. 33~35 ‘C; '"H NMR (300 MHz, CDCl;) o:
7.85~7.78 (m, 1H), 7.54~7.50 (m, 2H), 7.49~7.43 (m,
4H), 3.32 (s, 2H), 1.39 (s, 6H); *C NMR (75 MHz,
CDClLy) 6: 134.52, 133.22, 132.63, 129.63, 129.53, 128.77,
126.59, 126.24, 125.90, 125.69, 124.64, 42.09, 34.97,
27.69; HRMS (ESI, positive) calcd for C;sH;sNNa [M—+
Na]" 232.1097, found 232.1099.

322 2-FA-1-BURCR A -2-T BR(4) 89 4 %,

B A9 3 (23.7 mmol) I E] 50 mL TR,
I\ KOH (4.0 g, 71.5 mmol, 3 equiv.)f1Z (30 mL),
RJE, 1E 170 °C FAN#AERR 8 h, TLC Al 5 B 58 Bk
AENZ R, WP 10%3E BRI T pH=1.
FTSIREGYIH 2/ 28 (50 mLX3)AH, &3 EHLH,
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A UK 7K (20 mL X 2)FIH A1 £ 7K (20 mL)PE,
TR T . Hr-maidtEZEdaifk & F
Be) - V(HEE)=200 : 1], 134654 4.

2-FH B 1-2-H £ ZE3)-2- T R (4a): 72K 93%, H
O E K. m.p. 42~44 C; 'H NMR (300 MHz, CDCl;) 6:
7.17~7.12 (m, 4H), 2.97 (s, 2H), 2.33 (s, 3H), 1.24 (d, J=
9.6 Hz, 6H); C NMR (75 MHz, CDCl;) o: 184.79,
137.09, 135.96, 130.64, 130.50, 126.54, 125.54, 43.96,
41.96, 24.64, 20.25; HRMS (ESI, negative) calcd for
C1,H;50, [M—H]~ 191.1080, found 191.1078.

2- FH - 1-(3-F L 8 3E)-2- T R (4b): 72K 60%, M
B E K. m.p. 32~33 “C; '"H NMR (400 MHz, CDCl;) 6:
7.23~6.95 (m, 4H), 2.85 (s, 2H), 2.31 (s, 3H), 1.20 (s,
6H); *C NMR (100 MHz, CDCly) J: 184.83, 138.09,
138.02, 131.65, 128.50, 127.86, 46.39, 43.98, 25.24, 21.99;
HRMS (ESI, negative) caled for C,H;s0, [M —H]
191.1078, found 191.1079.

2-FBE-1-(4-FR AR IR IE)-2- T R (4e): 73R 87%, Afh
B4k, mp. 46~48 ‘C; 'H NMR (400 MHz, CDCl;) ¢:
7.14~7.04 (m, 4H), 2.85 (s, 2H), 2.32 (s, 3H), 1.20 (s,
6H); *C NMR (100 MHz, CDCl;) o: 184.98, 136.58,
135.00, 130.69, 129.32, 46.07, 44.02, 25.20, 21.61; HRMS
(ESI, negative) caled for C,HsO, [M—H] 191.1078,
found 191.1080.

2- PR 1-(2-FURBE)-2- T IR (4d): 773 94%, TR B
K. m.p. 54~55 “C; '"H NMR (300 MHz, CDCl;) 6:
7.38~7.36 (m, 1H), 7.27~7.24 (m, 1H), 7.20~7.15 (m,
2H), 3.14 (s, 2H), 1.25 (s, 6H); “C NMR (75 MHz,
CDCLy) 0: 184.61, 135.78, 135.35, 131.95, 129.84, 128.11,
126.63, 44.15, 41.58, 24.70; HRMS (ESI, negative) calcd
for C;;H;3CLO, [M~+CI]™ 247.0298, 249.0269; found
247.0300, 249.0268.

2-FEE-1-(3-5RIE)-2- T TR (de): =% 86%, A
f&. m.p. 52~53 C; 'H NMR (300 MHz, CDCl;) ¢:
7.21~7.02 (m, 4H), 2.86 (s, 2H), 1.21 (s, 6H); *C NMR
(100 MHz, CDCly) o: 183.98, 139.54, 133.82, 130.25,
129.29, 128.38, 126.79, 45.36, 43.37, 24.65; HRMS (ESI,
negative) caled for C;H;;ClO, [M — H]  211.0531,
213.0502; found 211.0531, 213.0503.

2-FBE-1-(4-F0K3E)-2- TR (4f): 77258 73%, ]
f&. m.p. 79~81 ‘C; 'H NMR (300 MHz, CDCl;) o:
7.20~7.17 (m, 2H), 7.05~7.02 (m, 2H), 2.80 (s, 2H),
1.14 (s, 6H); *C NMR (75 MHz, CDCl;) o: 184.16,
136.09, 132.64, 131.92, 131.40, 128.65, 128.04, 45.24,
43.55, 24.74; HRMS (ESI, negative) calcd for C;;H,,ClO,
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[M—H]™ 211.0531, 213.0502; found 211.0536, 213.0506.

2-FBE-1-2-H K 3)-2- TR (4g): 77K 88%, Hith
O E K. m.p. 26~27 “C; '"H NMR (300 MHz, CDCl;) o:
7.24~7.18 (m, 2H), 7.08~7.00 (m, 2H), 2.96 (s, 2H),
1.22 (s, 6H); "C NMR (100 MHz, CDCl;) d: 184.70,
163.48, 133.06, 129.15, 125.41, 124.44, 116.06, 44.19,
38.84, 25.12; HRMS (ESI, negative) caled for C;H,,FO,
[M—H]™ 195.0827, found 195.0832.

2- I BE-1-(4-3 K 55 )-2- T IR (4h): 73 83%, 1Rk HE
AR, m.p. 33~35 “C; '"H NMR (400 MHz, CDCl;) o:
7.14~7.10 (m, 2H), 6.97~6.93 (t, J=8.7 Hz, 2H), 2.85
(s, 2H), 1.19 (s, 6H); *C NMR (100 MHz, CDCl3) o:
184.61, 163.16, 160.73, 133.34, 133.31, 131.78, 131.70,
115.11, 114.90, 45.13, 43.61, 24.74; HRMS (ESI, negative)
caled for C,H;;FCIO, [M + Cl] ~ 231.0594, found
231.0597.

2-FHE-1-(4-F A B IR HE)-2- T R (4i): 778 70%, M
AR, m.p. 54~56 “C; '"H NMR (400 MHz, CDCl;) o:
7.10~7.07 (d, J=11.6 Hz, 2H), 6.83~6.80 (d, J=11.6,
2H), 3.78 (s, 3H), 2.83 (s, 2H), 1.19 (s, 6H); *C NMR
(100 MHz, CDCly) d: 184.63, 158.41, 131.31, 129.72,
113.56, 55.30, 45.16, 43.66, 24.71; HRMS (ESI, negative)
caled for Cj,H,;s05 [M—H]™ 207.1027, found 207.1026.

2-FRBE-1-ZEIE2- T RR(4)): 77K 93%, Al k.
m.p. 95~96 C; "H NMR (300 MHz, CDCl;) J: 7.83 (s,
1H), 7.76 (s, 1H), 7.74 (s, 1H), 7.50~7.34 (m, 4H), 3.43
(s, 2H), 1.24 (s, 6H); “C NMR (100 MHz, CDCl3) o:
184.58, 134.00, 133.91, 133.13, 128.79, 128.49, 127.46,
125.68, 12538, 125.16, 124.50, 44.13, 40.77, 25.10;
HRMS (ESI, negative) caled for C;sH;s0, [M —H]
227.1078, found 227.1075.

323 2-F A-1-BOXCR AR -2- A - A TR
EORESHY

BAEP T, BLEY 4 (5.2 mmol), =Zf%(0.58
g, 5.7 mmol, 1.1 equiv.)FIJTE/KH H (40 mL), fnE| 100
mL =G, AERMS AR _KXEEQS g 5.5
mmol, 1.05 equiv.), = FHHE 1 h J5, KEEAR
85 C, JMAMEI 2 h. I =g A BnOH (1.1
g, 10.4 mmol, 2.0 equiv.), 4k&EHEFE AV 20 h, TLC faill
RLFERL. WHIRERG, BEZERER, FRMmEsT
LR LHR(80 mL), 73l 5% HCl W 7K HIFIBRIR
SR UL S AN B K BRIE PR IR, TR AR, M)
S ET A (VR TMER) @ (R 4 BR)=20 : 1143
thEwS.

2- FH - 1-(2- H R DR 0 )-2- T R - O R Y AL IR

FABE(S)
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(5a): FEE 71%, TEMIRBA. '"H NMR (400 MHz,
CDCLy) §: 7.38~6.99 (m, 9H), 5.09 (s, 2H), 3.03 (d, J=
4.4 Hz, 2H), 2.32 (d, J=10.9 Hz, 3H), 1.31 (d, J=10.4
Hz, 6H); °C NMR (75 MHz, CDCls) d: 137.17, 136.17,
131.42, 130.45, 128.50, 128.16, 128.05, 126.37, 125.41,
65.90, 54.30, 27.36, 20.25; HRMS (ESI, positive) calcd for
C1oH,3NO,Na [M+Na] " 320.1621, found 320.1618.

2- F 3 - 1-(3- FH 26 2 6 )-2- T 2 - A 0 P IR 2L i
(5b): P23 78%, LEHARIAA. '"H NMR (300 MHz,
CDCLy) 8: 7.37~7.32 (m, 5H), 7.14~6.85 (m, 4H), 5.19
(s, 2H), 2.93 (s, 2H), 2.33 (s, 3H), 1.32 (s, 6H); *C NMR
(100 MHz, CDCl;) d: 155.34, 138.24, 138.02, 137.42,
131.87, 129.08, 128.73, 128.61, 128.41, 128.12, 127.62,
66.59, 53.72, 45.71, 27.98, 21.95; HRMS (ESI, positive)
caled for CjHyNO, [M + H] © 298.1802, found
298.1803.

2- H B -1 (4- H 3 O R )-2- TR R — 0 0 W R Y AR T
(5¢): F2E 65%, LEIMIRIA. 'TH NMR (300 MHz,
CDCly) d: 7.38~7.32 (m, 5H), 7.04~6.93 (m, 4H),
5.09 (s, 2H), 4.54 (s, 1H), 2.92 (s, 2H), 2.31 (s, 3H),
1.28 (s, 6H); *C NMR (100 MHz, CDCl3) J: 137.46,
136.39, 135.19, 130.96, 129.27, 129.08, 128.74, 128.61,
66.59, 53.76, 45.40, 27.90, 21.60; HRMS (ESI, positive)
caled for C;oH;3NO, [M + H] ' 298.1802, found
298.1797.

2- L 1-(2- SR 3 )-2- TR - U R R 2 16 (S d)):
FEE 74%, TEOHLIRIAA. "TH NMR (300 MHz, CDCly)
8: 7.39~7.36 (m, 5H), 7.17~7.14 (m, 2H), 6.97~6.94
(m, 2H), 5.09 (s, 2H), 1.27 (s, 6H); *C NMR (75 MHz,
CDCly) d: 136.86, 136.40, 132.33, 131.87, 131.81,
128.69, 128.44, 128.39, 128.31, 128.20, 66.24, 53.22,
4421, 27.54, 27.20; HRMS (ESI, positive) calcd for
C,sH, CINO, [M+H]" 318.1255, found 318.1256.

2- F R 1-(3- G Ak )-2- TR k- S Ok G R T (Se):
FEE 66%, TEEIHLIRIA. "TH NMR (300 MHz, CDCl;)
8: 7.33~7.32 (m, 5H), 7.24~6.91 (m, 4H), 5.10 (s,
2H), 4.53 (s, 1H), 2.97 (s, 2H), 1.30 (s, 6H); *C NMR
(75 MHz, CDCly) §: 140.57, 137.34, 134.41, 131.11,
130.07, 129.86, 129.32, 129.25, 128.87, 128.80, 127.49,
127.19, 66.68, 53.76, 45.06, 28.14; HRMS (ESI, posi-
tive) caled for C gH,,CINO, [M+H]" 318.1255, found
318.1251.

2- B - 1-(4- SR JR )-2- TR 25 - ik Y IR R R R (S):
FEE T3%, TEMCIRTAA. 'TH NMR (300 MHz, CDCl;)
8: 7.39~7.36 (m, 5H), 7.17~7.14 (m, 2H), 6.97~6.94
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(m, 2H), 5.09 (s, 2H), 2.95 (s, 2H), 1.27 (s, 6H); "*C
NMR (75 MHz, CDCLy) d: 136.39, 132.33, 131.87,
131.81, 128.69, 128.44, 128.39, 128.31, 128.20, 66.24,
53.22, 44.21, 27.54; HRMS (ESI, positive) caled for
C,sH, CINO, [M+H]" 318.1255, found 318.1248.

2- F - 1-(2- 9 2R 8 )-2- TR ik — 2 25 PR R L 1R (S g):
P 65%, R EMHRIA. 'TH NMR (300 MHz,
CDCly) d: 7.31~7.29 (m, 5H), 7.22~7.03 (m, 1H),
7.02~6.94 (m, 3H), 5.10 (s, 2H), 4.63 (s, 1H), 3.04 (s,
2H), 1.31 (s, 6H); “C NMR (75 MHz, CDCl;) o:
163.77, 155.41, 133.48, 133.52, 129.19, 128.91, 128.86,
128.80, 128.74, 125.54, 124.40, 115.99, 115.68, 66.72,
54.34, 38.73, 27.88; HRMS (ESI, positive) caled for
C,sH, FNO, [M+H]" 302.1551, found 302.1551.

2- PR - 1-(4-F 2R 05 )-2- TA -2 2k HH R £ 18K (Sh):
PR T1%, TOMPIRBA. "H NMR (400 MHz, CDCls)
8: 7.38~6.99 (m, 9H), 5.09 (s, 2H), 3.03 (d, J=4.4 Hz,
2H), 2.32 (d, J=10.9 Hz, 3H), 1.31 (d, J=10.4 Hz,
6H); >*C NMR (75 MHz, CDClLy) &: 137.17, 136.17,
131.42, 130.45, 128.50, 128.16, 128.05, 126.37, 125.41,
65.90, 54.30, 27.36, 20.25; HRMS (ESI, positive) calcd
for C;yH;NO,Na [M + Na] *320.1621, found
320.1618.

2- P -1 -(4- FY S 35 40 6 )-2- T ik — B i PPV R R 2 i
(5i): P2 59%, TLERBA. 'TH NMR (400 MHz,
CDCly) 6: 7.42~7.41 (m, 5H), 7.02~7.00 (d, J=8.6
Hz, 2H), 6.80~6.77 (d, J=8.6 Hz, 2H), 5.13 (s, 2H),
4.57 (s, 1H), 3.80 (s, 3H), 2.94 (s, 2H), 1.31 (s, 6H); °C
NMR (100 MHz, CDCl;) d: 158.19, 154.80, 136.93,
131.44, 129.85, 128.55, 128.27, 128.09, 113.42, 66.01,
55.20, 53.27, 44.28, 27.32; HRMS (ESI, positive) calcd
for C,oH,,NO; [M+H]" 314.1751, found 314.1747.

2- FHBE-1- 25 L2 TN B - 6 FH R R 6 TR (5)): 7%
70%, FEEAR. "H NMR (300 MHz, CDCl;) J: 7.81~
7.71 (m, 2H), 7.45~7.21 (m, 10H), 5.10 (s, 2H), 3.51
(s, 2H), 1.33 (s, 6H); *C NMR (75 MHz, CDCl;) o:
137.45, 135.03, 134.54, 133.93, 129.69, 129.34, 129.22,
128.88, 128.77, 127.87, 126.36, 126.01, 125.76, 125.44,
41.00, 28.57; HRMS (ESI, positive) caled for
C»,H,3NO,Na [M+Na]™ 356.1621, found 356.1619.

324 2-F A-1-BUR R A -2-7 B (1) 89 6%,

LAY 5 (3.6 mmol) T 50 mL B TR, A
MeOH (20 mL)¥f#, FIIA 10% Pd/C (220 mg), 5
EEAAME T, ZiRBAER, TLC KN 586k, I8
BREATG, WA, M= mad i Efraith[ (=&

1700 http://sioc-journal.cn/
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HE) - V(FEE)=30 : 11184651

2- FH B 1--H FE 28 F)-2- T i (1a): P2 57%, T
@ik, "H NMR (300 MHz, CDCl3) §: 7.23~7.13 (m,
4H), 3.17 (s, 2H), 2.39 (s, 3H), 2.05 (s, 2H); °*C NMR (75
MHz, CDCly) d: 130.36, 129.58, 125.35, 124.38, 76.50,
76.08, 75.66, 50.47, 45.50, 29.46, 19.54; HRMS (ESI, pos-
itive) caled for C;;H;gN [M—i—H]+ 164.1434, found
164.1434.

2- FH - 1-(3- FH A 3E)-2- i e (1b): 72K 63%, I
A, "TH NMR (400 MHz, CDCl3) J: 7.20~6.97 (m,
4H), 2.64 (s, 2H), 2.34 (s, 3H), 1.75 (s, 2H), 1.13 (s, 6H);
C NMR (100 MHz, CDCls) ¢: 138.87, 138.16, 131.92,
128.54, 128.16, 127.67, 51.50, 50.83, 30.85, 22.08; HRMS
(ESI, positive) caled for C;;H;gN [M+H]" 164.1434,
found 164.1434.

2-FJE-1-(4-FIERIE)-2- A fZ (1e): 773K 68%, Lo
W&, 'TH NMR (300 MHz, CDCly) §: 7.12~7.05 (m, 4H),
2.61 (s, 2H), 2.33 (s, 3H), 1.08 (s, 6H); *C NMR (100
MHz, CDCly) d: 135.65, 135.23, 130.26, 128.62, 50.59,
49.92, 30.22, 20.94;, HRMS (ESI, positive) calcd for
CH;sN [M+H]" 164.1434, found 164.1434.

2-FE1-2-F K HE)-2- N E (1d): 23R 75%, HRiK
E R, mp. 193~194 °C; 'H NMR (300 MHz, CDCl;)
8: 7.34~7.27 (m, 3H), 7.25~7.23 (m, 1H), 3.11 (s, 2H),
1.45 (s, 6H); *C NMR (75 MHz, CDCl;) 6: 134.93,
130.80, 128.59, 127.38, 55.97, 46.29, 25.21; HRMS (ESI,
positive) caled for C,H;sCIN [M + H] © 184.0888,
186.0858; found 184.0889,186.0861.

2-FEE-1-(3-5R)-2- A iR (1e): 723 75%, KRBT
[l 4. m.p. 195~197 “C; '"H NMR (400 MHz, CDCl;) ¢:
7.33~7.24 (m, 5H), 3.09 (s, 2H), 1.45 (s, 6H); *C NMR
(100 MHz, CDCly) d: 135.25, 131.16, 128.98, 127.79,
56.27, 46.75, 25.63; HRMS (ESI, positive) caled for
CioH;sCIN [M+H]" 184.0888, found 184.0887.

2-FEE-1-(4-50R3)-2- A IR (16): 725 63%, IRFH T
[l 4. m.p. 199~200 C; '"H NMR (400 MHz, CDCl;) ¢:
7.33~7.28 (m, 3H), 7.24 (s, 1H), 3.09 (s, 2H), 1.46 (s,
6H); *C NMR (75 MHz, CDCly) ¢6: 134.93, 130.80,
128.59, 127.38, 55.92, 46.31, 25.21; HRMS (ESI, positive)
caled for CioH;sCIN [M-+H]"184.0891, 186.0858; found
184.0887, 186.0858.

2-FBE-1-Q2-F K 3 )-2- T e (1g): 723 48%, RIK
WA, "TH NMR (400 MHz, CDCly) d: 7.24~7.02
(m, 4H), 2.72 (s, 2H), 1.48 (s, 2H), 1.14 (s, 6H); °*C NMR
(100 MHz, CDCl;) o: 163.38, 133.43, 128.83, 126.17,
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12431, 116.13, 51.33, 44.27, 30.78; HRMS (ESI, positive)
caled for C1oH;sFN [M+H]" 168.1183, found 168.1187.
2-F - 1-(4-F K 25 )-2- A I (Th): P22 65%, 1R IE
tIEWRAA. 'TH NMR (400 MHz, CDCl;) d: 7.16~7.12
(m, 2H), 7.00~6.96 (t, J=8.7 Hz, 2H), 2.63 (s, 2H), 1.50
(s, 2H), 1.11 (s, 6H); *C NMR (100 MHz, CDCl;) o:
162.91, 160.49, 134.09, 134.05, 131.81, 131.73, 114.89,
114.68, 50.06, 30.18; HRMS (ESI, positive) calcd for
CyoH,sFN [M+H]" 168.1186, found 168.1187.
2-FAJE-1-(4- A E L) -2-TH L (1i): 723 92%, &
AR, "TH NMR (400 MHz, CDCl3) 6: 7.11~7.09 (d, J=
8.6 Hz, 2H), 6.85~6.83 (d, J=8.6 Hz, 2H), 3.79 (s, 3H),
2.60 (s, 2H), 1.40 (s, 2H), 1.10 (s, 6H); >C NMR (100
MHz, CDCly) d: 158.24, 131.42, 130.59, 113.48, 55.28,
50.21, 50.12, 30.31; HRMS (ESI, positive) calcd for
C H;gNO [M+H]" 180.1383, found 180.1379.
2-HIRE-1-ZERE2- TN IR (1j): 773K 84%, LA, 'H
NMR (400 MHz, CDCl3) ¢: 8.15 (d, J=8.0 Hz, 1H), 7.84
(d, J=8.0 Hz, 1H), 7.54 (d, J=8.0 Hz, 1H), 7.50~7.40
(m, 3H), 7.35 (d, J=8.0 Hz, 1H), 3.18 (s, 2H), 1.18 (s,
6H); *C NMR (100 MHz, CDCl;) d: 135.03, 134.02,
133.19, 129.01, 128.75, 127.16, 125.62, 125.38, 125.14,
125.08, 51.30, 46.11, 31.17; HRMS (ESI, positive) calcd
for C,4,H;sN [M-+H]" 200.1434, found 200.1438.
32,5 3,3-(1,3-BRHK)-3(2,2- = F A A7)0 5 &
RS T, WM FHG.0 g, 29.6 mmol, 2.6
equiv.)i& T TUEMRIE (15 mL)H, ME%E—78 C, N
IE T HAH(11.5 mL, 28.8 mmol, 2.5 equiv.). fi#E 30 min
Ja, fEHIRE TN, K55 T QS mL, 28.3 mmol, 2.5
equiv. )i IN BN S N, ke 1 h, FRIIAIE 5% 6
(11.4 mmol), #Hi#E 1 h JEf 1k, mTR -GN L ER
WKL, H R 60 mLX3)FEH, & IHHLH,
A UK K 7K (20 mL X 2) I A1 257K (20 mL)Peis,
ToKBRBREN T 15, H =i i 2 M 4iAb [ V(A i)
MR CER)=25 1 1], 183]7 2.23 g, 77 81%), At
B4k, mp. 63~65 ‘C; 'H NMR (300 MHz, CDCl;) o:
7.32~7.30 (m, 1H), 7.24~7.18 (m, 3H), 2.82 (s, 4H),
1.36 (s, 12H); “C NMR (75 MHz, CDCl;) §: 135.78,
132.05, 129.13, 128.35, 124.61, 46.42, 33.50, 26.47;
HRMS (ESI, positive) caled for C;¢H,0N,Na [M+Na]"
263.1519, found 263.1516.
32.6 3,3-(1,3-BR HK)-3(2,2-= F A AER)(8)89 & &
HL 7 (9.3 mmol)hn#| 50 mL B, HnA
KOH (2.6 g, 46.4 mmol, 5.0 equiv.)FlZ (20 mL), {E
185 C Fm#MEI 12 h fF1ER PG, W\ SN
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AWM BRI pH=1, IR IREWH 1K L1 (60
mL X 3)ZEHL, A HUAH K 7K (20 mL X 2) R Fl £ #h kK
(20 mL)BEHR, To/KBRERANT 1. R & id i E 4k
M F k) - V(FEE)=150 : 11459%] 8 (1.8 g, ;=%
74%), AME. mp. 119~120 C; "H NMR (300 MHz,
CDCly) &: 7.18 (t, J=9.0 Hz, 1H), 7.03~6.99 (m, 3H),
2.85 (s, 4H), 1.17 (s, 12H); *C NMR (75 MHz, CDCl;) ¢:
185.02, 137.98, 132.41, 129.36, 128.28, 46.57, 44.16,
25.18; HRMS (ESI, negative) calcd for C;sH,O4 [M—H]
277.1445, found 277.1440.
327 (13-BRE-VQ-FAAK-1,2-Z4) AL T
BR —FER(9)89 & A%,

RS T, B 8 (3.6 mmol), = Zfi%(800 mg,
7.9 mmol, 2.2 equiv.)FITEKH K30 mL), HiF] 50 mL =
g, 4R )50 DPPA (2.1 g, 7.6 mmol, 2.1 equiv.),
TEEIR FHEE 1 h BRI E 90 °C, N#REIR 2 h )5,
M) = HB R BnOH (1.6 g, 14.4 mmol, 4.0 equiv.),
THEEIR 24 ho AT IERBE, ¥ NIBIRAE, TR0
N R 2640 mL), 437 5% HCL . 7K. WA
PR SNV T DA S A £ R KB, TRk JS, )
S A ET A V(A ) - (SR LR =20 : 1], 15
F9 (1.58 g, 2% 89%), LFEHMAL. 'H NMR (400
MHz, CDCLy) : 7.37~7.29 (m, 10H), 7.10~7.06 (m,1H),
6.92~6.90 (m, 2H), 6.84 (s, 1H), 5.08 (s, 4H), 2.90 (s,
4H), 1.25 (s, 12H); *C NMR (100 MHz, CDCl;) o:
141.53, 138.00, 133.46, 130.13, 129.19, 128.91, 128.75,
128.27, 127.63, 127.00, 65.95, 53.82, 27.95; HRMS (ESI,
positive) caled. for C3H3N,O;Na [M+Na]® 511.2567,
found 511.2563.
3.2.8  1,1'-(1,3-T3R H)- 1 (2-F A 7-2-1)(10) 89 & A%,

FREL 9 (3.27 mmol)F 50 mL B TR, A
MeOH (20 mL)¥#f#, FiIA 10% Pd/C (320 mg), A5,
AR E R THAIR. JERRMEFGE, K458
W, Hrema i Edr e[ &) - MR R =
30 1 11733 10 (320 mg, =% 45%), KO 'TH NMR
(400 MHz, CDCLy) &: 7.28~7.22 (m, 1H), 7.08~7.04 (t,
J=17.6 Hz, 3H), 2.67 (s, 4H), 1.14 (s, 12H); *C NMR (100
MHz, CDCl) d: 138.33, 133.38, 128.99, 128.23, 51.06,
50.97, 30.48; HRMS (ESI, positive) calcd. for C,4HysN,
[M+H]" 221.2012, found 221.2017.

48 Bh #1 Bl (Supporting Information) 1t &1k &¥)
3a~3j, 4a—~4j, 5a~5j, 1la~1j, 7~10 {{] '"H NMR, "°C
NMR LS HRMR #i#fs. JXLeppREAT BL G 2 AT R i
(http://sioc-journal.cn/) I N #k.
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